Background: Millettia pachycarpa Benth. is member of the family Fabaceae and is a wellknown traditional medicinal plant used for different health conditions. Its roots and seeds are rich in bioactive compounds such as chalcones, isoflavones and rotenoids, which are attributed to the anticancer, antiparasitic and insecticidal properties of the plant. In Mizo traditional medicine, the root bark is also used for parasitic infections. Objective: The study was designed to understand the anthelmintic efficacy and effects of M. pachycarpa on an intestinal roundworm, Ascaridia galli. Materials and Methods: The methanolic extract of the root bark was prepared and survival test was performed against A. galli. The structural effects were studied using scanning electron microscopy and histological preparations. Results: The roundworm showed extensive structural changes and damages. The cuticle showed extensive shrinkage and cracks. Lacerations and scars distorted the fine transverse rings. The mouthparts collapsed with shrunken lips and degenerated denticles. Internal tissues such as musculature and reproductive organs were also impaired. Conclusion: The findings indicate that the plant extract is effective against parasitic roundworms.
INTRODUCTION
Millettia pachycarpa Benth. (family Fabaceae) is a perennial climbing shrub endemic to Southeast Asia. The roots and seeds are used in different Asian traditional practices as insecticide in agricultural farms and as fish poison in community fishing. 1 In Chinese medicine, it is known as a blood tonic and haematopoietic agent. Specifically boiled and decoction prepared with eggs is consumed for the treatment of anaemia. The haematopoietic property is used in the clinical care of leukemia patients. 2 Its potential use in the treatment of cancer is well established upon its antiestrogenic and anticarcinogentic activities. 3 Several bioactive compounds have been reported from M. pachycarpa belonging to flavonoids, triterpenoids and steroids, which are attributed to different pharmacological properties. Many prenylated isoflavonoids, dihydroflanonol, chalcones and rotenoids have been identified from the seed. 4, 5 The root extract also yielded many rotenoids including rotenone, cis-12ahydroxyretenone, rot-2′-enonic acid, and cis-12ahydroxyrot-2′-enonic acid, as well as isoflavones, β-sitosterol, oleanolic acid, karanjin, as well as novel compounds such as pachycarin A to C. [6] [7] [8] 4-Hydroxylonchocarpin and deguelin from the seeds showed strong antiinflammatory activity by inhibiting nitric oxide (NO) production, inducible NO synthase (iNOS) activity and iNOS protein expression. 9 A rotenoid derivative, barbigerone, present in the root has been an established anticarcinogenic molecule. 10, 11 Erysenegalensein E, isoerysenegalensein E, 6,8-diprenylorobol, furowanin A and auriculasin, millewanins G (1) and H (2), and furowanin B (3) are isoflavonoids from the leaves tested to have antiestrogenic activity. 12, 13 Chalcones such as 3-hydroxy-4methoxylonchocarpin, 4-methoxylonchocarpin, isobavachromene, and dorspoinsettifolin obtained from the seeds have antitumour activity. 14 Millepachine from the seed was also effective on different cancer cells. 15 These studies suggest the potential role of the plant in the treatment of cancer and immune diseases.
In India, it is found in the eastern and northeastern regions extending from West Bengal to Mizoram. Specifically, among the Mizo people of northeast India, the root bark is used for the treatment of intestinal helminthiasis. 1 The anthelmintic property had been experimentally evaluated. It was shown that the ethanol extract caused dose-dependent activity on the fowl tapeworm Raillietina echinobothrida, 16 which was associated with structural and biochemical alterations in the worms. 17 Anthelmintic drugs are mostly helminth specific thereby limiting their usage. In this study, the plant extract was tested to see whether it is effective on different helminths by testing on the intestinal roundworm of fowl, Ascaridia galli.
water, chopped into small pieces, and dried in an oven at 45ºC. Methanol extract was made in a Soxhlet apparatus and was concentrated in a vacuum rotary evaporator (Buchi Rotavapor® R-215). The extract was obtained as a deep brown semi-solid material, with a net yield of 0.07%. It was then stored at 4ºC for further use.
Chemicals and drug
Methanol was standard analytical grade from SD Fine-Chem Ltd, Mumbai, India. All other chemicals were also standard analytical grades obtained from HiMedia Laboratories Pvt. Ltd., Mumbai, India. Albendazole (ZENTEL ® ) was a product of GlaxoSmithKline Pharmaceuticals Ltd., Mumbai, India.
In vitro viability test
Live roundworms, Ascaridia galli Schrank, were recovered from the intestines of local fowls (Gallus gallus Linnaeus). The worms were collected in phosphate-buffered saline (PBS) maintained at 37 ± 1ºC in a microbiological incubator. The worms were directly treated with the different concentrations, viz. 1.25, 2.5, 5, 10 and 20 mg/ml, of the plant extract (prepared in PBS with 1% DMSO) in separate Petri dishes. Similar treatment was performed for albendazole as a reference drug, and one group was maintained in a medium containing only PBS with 1% DMSO as control. The onset of paralysis, i.e. complete loss of motor activity when agitated, was noted as the duration of survival. Each test was performed in three replicates.
Data were presented as means plus or minus the standard deviation of the mean (± SD). The values were compared by Student's t-test, and the level of significance taken at p < 0.05.
Scanning electron microscopy
Worms treated with 20 mg/ml of the plant extract were selected for scanning electron microscopy. After complete treatment, they were immediately fixed in 10% cold-buffered formaldehyde at 4°C for 4 h. 0.1 M sodium cacodylate (pH 7.2.) was used as buffer. Secondary fixation was done with 1% osmium tetroxide (OsO 4 ) buffered using the same buffer at 4°C for 1 h. The fixed specimens were dehydrated through ascending concentrations of acetone up to pure acetone. They were then treated with tetramethylsilane, Si(CH₃)₄, for 15 minutes and left to dry in air-drying chamber at 25°C. They were mounted on metal stubs and sputter coated with gold in JFC-1100 (JEOL Ltd., Tokyo, Japan) ion sputtering chamberand, Finally, they were observed under a JSM-6360 scanning electron microscope (JEOL Ltd., Tokyo, Japan) at an electron accelerating voltage of 20 kV.
Histology
Roundworms treated with 20 mg/ml of the plant extract were fixed in Bouin's solution (a mixture of acetic acid, formaldehyde, and 2,4,6-trinitrophenol) overnight. Females were selected as they possess more elaborate anatomical structures. After completely removing the fixative under running tap water, the specimens were dehydrated through a series of graded alcohols up to absolute ethanol. They were treated with a mixture of xylene and clove oil and cleared in pure xylene. Paraffin blocks were made, and sections were cut at 7-9 μm thickness. The sections were then deparaffinised with xylene, dehydrated, doubly stained with eosin and haematoxylin, and finally mounted on glass slides. Photomicrographs were taken with Zeiss image analyser HBO 50.
RESULTS
The efficacy of the M. pachycarpa root bark extract and albendazole on the roundworm A. galli is represented in Table 1 . Worms in control media survived up to 83.13 ± 2.06 hours. Both the drug and plant extract showed concentration-dependent activity. Albendazole was more active than the plant extract. The plant extract at lowest concentrations (1.25 and 1.5 mg/ml) failed to exert any significant (p > 0.05) effect. Transverse section of a normal female roundworm shows a circular body as in Figure 5 . The cuticle is thick, indicating a syncytium of many protein fibres. The cuticle is formed from a syncytial epidermis, which lies beneath. Internally, the epidermal layer is attached to a thick muscle layer. The musculature consists of fibrillar and protoplasmic muscles. The protoplasmic muscle layer is surrounded by a body cavity, pseudocoel. The intestine with a triangular lumen is located at the centre.
Media Dose (mg/ml) Survival time in h (± SD) t value p value
Anatomy of female roundworm treated with the plant extract shows extensive deformity as presented in Figure 6 . The cuticular layer as some points are disjointed. The underlying musculature also breaks up. Ovarian tissue is also damaged. Vacuolisation is evident in the uterine chambers that contain developing and mature eggs. The mature eggs in particular can be noticed randomly distributed implying that the uterine wall completely ruptured.
DISCUSSION/CONCLUSION
Roundworms are unique animals in that their cuticle not only serves as a protective layer between the anatomical parts and the external environment, but also functions as a resilient exoskeleton which maintains the normal cylindrical shape of the body. 18 As such it acts as an effective barricade from external factors such as chemicals and digestive enzymes of the host for an effective parasitic adaptation. In contrast to other helminths such as tapeworms (cestodes) and flukes (trematodes), roundworms have mouth and digestive system so that they are capable of ingesting food materials. Yet, like any other helminths, anthelmintic drugs act on them principally though transcuticular diffusion. 19 The cuticle is chemically an extracellular matrix composed largely of minute proteins, of which collagen is the predominant, that are heavily crosslinked to form a rather dense multi-proteinaceous layer. Basically, the innermost fibrillar layer, consisting of the medial and basal layers, is composed exclusively of collagens; the middle matrix and outer cortex layers contain non-collagen proteins 20 . The underlying layer of cuticle, called the basal lamina or basement membrane, is also composed on collagen but of different amino acids that are actually more closely related to vertebrate collagens. 21 Therefore, drug should target these cuticular proteins as a primary route of action 22 . Anthelmintic drugs exhibit different degrees of efficacy to penetrate the cuticle. For example, commonly used albendazole (ABZ) with higher lipophilicity is much more diffusible through the cuticle of Haemonchus contortus and Ascaris suum when compared to its derivative ABZ sulfoxide 23 . Ivermectin also enters through the cuticle in Caenorhaditis elegans, H. contortus and Oncocerca ochengi to primarily inhibit muscle contraction. 24 Cyclotides, a family of plant peptides, directly attack the cuticle of H. contortus and Trichostrongylus colubriformis. 25 Natural cysteine proteinases also exert anthelmintic activity by primarily attacking the cuticle in different roundworms. 26, 27 Extract of Acacia mearnsii was shown to cause shrinkage and severe destruction on the cuticle of H. contortus 28 . We have also shown that a related plant Acacia oxyphylla extract primarily acted through the cuticle to cause tissue damages in the internal musculature in A. galli. 29 These evidences make clear that cuticle is the centre of attraction for studying the effects of anthelmintic agents.
The ultimate target tissue of drugs in roundworms is the muscles, and damage in the musculature can be seen as loss of structural disintegration on the cuticle on the external surface. Morantel, pyrantel and levamisole act on the synaptic junction of muscles and bind to acetylcholine receptors (AChR) in A. suum. 30 Levamisole also targets AChR and additionally inhibits neurotransmitters such as GABA and glutamate in A. suum muscle. 31 A combination of piperazine and a depsipeptide BAY 44-4400 caused degeneration of muscle fibres and vacuolisation of the epidermal layers in Heterakis spumosa. 32, 33 The damaging effects of M. pachycarpa on the muscles of the roundworm are not surprising because the plant extract has been shown to cause destabilisation of microtubules, which are vital components of cellular motility. 34, 35 The damaging effect of M. pachycarpa extract on A. galli is also apparently through inhibition of neuro-muscular signalling system. With evidence from other studies on tapeworm, these findings suggest that the plant extract contains anthelmintic compounds that are broad-spectrum acting on a diverse class of helminth parasites.
